The obligate mutualistic relationship between corals and dinoflagellates is a classic example of symbiosis. Coral reefs have been devastated by warm water temperatures at a rapid pace and currently, there is no effective method to predict a mass bleaching event.
92
The impact of global warming on reefs has been described as widespread and dire in the 
Coral Species and Tank Setup

114
Each tank was filled with freshwater (using RiOs 100 reverse osmosis system (EMD 115 Millipore, Billerica, Massachusetts, USA)) in which the specific gravity was adjusted to 1.025.
116 Above each tank was a light system (with two 24W bulbs: one Aquablue+ and one Actinic+) set 117 at a six-hour photoperiod. Inside the tanks was a circulation pump (Koralai Nano 420) and a 118 heater (Fluval E100 100W) fixed at 27ºC prior to the start of experimentation. The species of 119 coral used in this study was Anthelia sp. which was provided by a local pet store (Aquarium 
Tank Maintenance
131
Throughout the study, tanks were topped with freshwater to maintain specific gravity.
132 Fifty-percent of the water for each tank was replaced every five days or whenever the water 133 became milky. The sides of the tanks were cleared of any algal growth.
Heat Treatment
135
Experimentation occurred over a five-week period in experiment one. Each week the 136 water was heated gradually on the first day to a set temperature and tanks were maintained at that 137 temperature for the whole week, starting from 28ºC on the first week, and ending at 33ºC on the 138 fifth week. Two sets of control tanks were maintained at 28ºC throughout the project and control 139 specimens were analyzed on the seventh day of every week. The rest of the tanks were used for 140 the heat treatments -two for each temperature and sampled on the fifth and seventh day of the 141 week. On the first week (28ºC), the first set of treatment tanks were sampled. On the following 142 week (remaining tanks increased from 28ºC to 30ºC), the second set of treatment tanks were 143 sampled. On the third week (remaining tanks increased from 30ºC to 31ºC), the third set of tanks 144 were sampled. This sampling pattern was repeated until a final temperature of 33ºC was reached.
145 On the first day of each week, the heater was increased by 0.5ºC every twelve hours except for 146 week two, where the heater was increased by 1ºC every twelve hours. In experiment two, the 147 project occurred over a six-week period to add a 34ºC treatment. The same sampling pattern was 148 repeated.
Fluorescence analysis was carried out using an Olympus SZ61 Zoom Stereo Microscope 151 at 2.5X magnification set to full brightness, with a blue UV filter and X-Cite Series 120Q EXFO 152 with an excitation of 630nm. Prior to any analysis, an acclimation tank was set up near the 153 microscope in which the conditions of salinity, temperature, current, and light were matched to 154 the treatment tank being sampled that week. Anthelia sp. were transferred from the treatment 155 tank and underwent acclimation for at least thirty minutes before their fluorescence was 156 analyzed.
157
In a small dish, a single fragment was viewed under the microscope and a mounted 
Dinoflagellate Density and Mitotic Index
170
Fragments were obtained from a treatment tank and analyzed one at a time for 171 dinoflagellate density. Using a dissecting kit, tentacles were cut off, blotted on a Kimwipe, and 173 until a total mass of 0.01 ± 0.0002 g was reached, followed by maceration with curved forceps to 174 remove the dinoflagellates from the tissue. To ease maceration, 1ml of seawater was added and 175 the mixture was vortexed for ten seconds followed by a 1:10 dilution. The diluted sample was 176 then vortexed and 10µl was extracted immediately from the suspended solution and dropped 177 onto a gridded microscope slide. Dinoflagellates were counted under a Zeiss Primo Star 178 compound microscope. In both experiments one and two, analysis consisted of two replicates for 179 the treatment (n = 2) and control tanks (n = 1 for the experiment one and n = 2 for experiment 180 two).
181
While counting the dinoflagellates, the number of cells appearing as doublets was 182 recorded. To calculate mitotic index, the following formula was used: Mitotic Index = 100 x (# 183 cells appearing as doublets / total # of dinoflagellates).
Statistics
185
All statistical analyses were carried out using the software JMP 14 (SAS Institute Inc.).
186 Three one-way ANOVA tests were performed to test the effects of heat treatments on 187 fluorescence, dinoflagellate density, and mitotic index. For all significant p values (p < 0.05), a 188 post-hoc Tukey Kramer analysis determined which treatment groups were significantly different.
Results
Effect of Temperature Increase on Fluorescence
191
The gradual increase in water temperature resulted in a steady decrease in fluorescence 192 (Fig. 1, Fig. 2 ). In experiment one, corrected fluorescence continued to drop significantly after 193 the seven-day exposure to 32ºC ( As experimentation progressed, the tissue of Anthelia sp. continued to deteriorate which 220 was accompanied by the gradual decrease in fluorescence. However, the prediction that 221 dinoflagellate density would also decrease steadily was not observed. Instead, the amount of 222 symbionts began to increase rapidly before dropping after the thermal limit (defined as the 223 temperature in which the coral expels its dinoflagellates). To ensure that the observations were 224 not a product of chance, the project was repeated. Because dinoflagellate density dropped after 225 the seven-day exposure to 33ºC, an additional week was added to determine if the pattern would 226 continue and hence, confirm if a drop in fluorescence and dinoflagellate density was maintained.
227 Data values obtained in the second experiment were not significantly different from the first and 228 the same pattern for fluorescence and dinoflagellate density was observed.
229
It was unexpected that symbiont density initially increased as the health of Anthelia sp. 284 This is significant as it suggests that coral fluorescence can be used beyond the scope of 285 bleaching.
286
Although using fluorescence analysis in coral conservation is promising, more 287 developments must be made for the necessary tools and materials for large-scale ecological 
Conclusions
305
Here we demonstrate coral fluorescence as an indicator of Anthelia sp. health. As water 306 temperature gradually increased, corrected fluorescence decreased while dinoflagellate density 307 initially increased until reaching the thermal limit which was then followed by a drop. The 308 pattern in dinoflagellate density was driven by an increase in zooxanthellae division before the 309 thermal limit and a decrease afterwards. These results suggest that coral fluorescence could 310 potentially be utilized to assess health of corals exposed to sub-lethal water temperatures and 311 therefore predict possible bleaching events. This could be significant for the development of reef 312 assessment technologies. However, because the study only incorporated a single species of coral, 313 the generalizability of the results is limited. Furthermore, our research could be improved by 314 analyzing more than twice a week to obtain additional data and thoroughly track the complete 315 pattern of fluorescence, dinoflagellate density, and mitotic index. Future studies should seek to 316 incorporate different coral species in their investigations of the effects of thermal treatments on 317 coral fluorescence and dinoflagellate density. As a whole, studies of this kind will enhance reef 318 management and restoration practices. 386 Hughes TP., Kerry JT., Álvarez-Noriega M., Álvarez-Romero JG., Anderson KD., Baird AH., Effect of increase in temperature on dinoflagellate density of Anthelia sp. over time.
Each value represents the mean dinoflagellate density from experiments (A) one and (B) two.
